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I am replying to the request for normal examination. I have examined the application and I believe 
that there are lawful grounds of objection to the application. These grounds of objection are: 

1. There is no Notice of Entitlement on file. 

2. Independent claims 1, 20, and 21 at least are not novel over EP 0884817 (CANON KABUSHIKI 
KAISHA) 16 December 1998. This document discloses a ground fault protecting apparatus 
capable of detecting a ground fault generated in a solar cell array at a high sensitivity and 
preventing any erroneous ground fault detection to prevent an unnecessary stop of a solar power 
generating apparatus. 

Furthermore, it discloses a switch for connecting/disconnecting the inverter to/from a load and 
detection means for detecting a ground fault in the solar cell array and a protection means for 
outputting an inverter stop signal for stopping the inverter operation and then outputting another 
signal to set the said switch in the open position. 

You have 21 months from the date of this report to overcome all my objection(s) otherwise your 
application will lapse. You will need to pay a fee for any response you file after 12 months from the 
date of this report. 
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(54) Ground fault protecting apparatus and method for solar power generation and solar power 
generation apparatus using the apparatus and method 



(57) In a ground fault protecting apparatus of this 
invention, which protects a solar power generation 
apparatus from a ground fault when a ground fault gen- 
erated in a solar cell array is continuously detected for a 
period longer than a time T1, a gate block signal for 
stopping the operation of an inverter connected 
between the solar cell array and a load is output first. 
When the ground fault is continuously detected for a 
period longer than a time T2 (> T1), a disconnection 

FIG. 1 



instruction signal for disconnecting the inverter from the 
load is output to the disconnection unit According to the 
ground fault protecting apparatus of this invention, a 
high ground fault detection sensitivity can be set. In 
addition, the solar power generation apparatus can be 
prevented from being unnecessarily stopped due to 
erroneous ground fault detection. 
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Description System failures include, e.g., an abnormality in the 

commercial alternating current power system 25 and 

BACKGROUND OF THE INVENTION the ground fault of the solar cell array 21 . Especially, in 

the latter failure, i.e., the ground fault, one of the follow- 

FIELD OF THE INVENTION 5 ing protecting operations is performed. 



The present invention relates to a ground fault pro- 
tecting apparatus and method for solar power genera- 
tion and a solar power generation apparatus using the 
apparatus and method and, more particularly, to a 
ground fault protecting apparatus for protecting a solar 
power generation apparatus from a ground fault gener- 
ated in a solar cell array and a method therefor, and a 
solar power generation apparatus using the apparatus 
and method. 

DESCRIPTION OF RELATED ART 

A solar cell array has a plurality of solar cells con- 
nected in series/parallel and is set outdoors such that 
each solar cell is sufficiently irradiated with a solar ray. If 
an object, e.g., not only a metal object but also an ani- 
mal or human erroneously comes into contact with the 
solar cell to generate a short circuit to the ground poten- 
tial (ground fault), the solar power generation system 
incorporating the solar cell array must temporarily stop 
its operation from the viewpoint of safety. This stop 
largely affects a load connected to the system. 

Fig. 2 is a block diagram showing the arrangement 
of a solar power generation system connected to a com- 
mercial alternating current power system and having a 
control/protection unit as a measure against a ground 
fault. In Fig. 2, reference numeral 21 denotes a solar cell 
array; 22, an inverter; 23, a control^rotection unit; 24, a 
disconnection unit; and 25, a commercial alternating 
current power system. 

In the solar power generation system shown in Fig. 
2, direct current power generated by the solar cell array 
21 is sent to the commercial alternating current power 
system 25 through the inverter 22. The disconnection 
unit 24 having a mechanical contact is inserted between 
the inverter 22 and the commercial alternating current 
power system 25. In a system failure, a disconnection 
operation for electrically disconnecting the commercial 
alternating current power system 25 from the inverter 22 
is performed, and simultaneously, a so-called gate block 
operation is performed to electronically turn off the 
switching element in the inverter 22. The control/protec- 
tion unit 23 detects the states of the commercial alter- 
nating current power system 25 and the solar cell array 
21 and causes to perform the disconnection operation 
and the gate block operation. More specifically, upon 
detecting the system failure, the control/protection unit 
23 sends a gate block signal to the inverter 22 and an 
operation instruction signal to the disconnection unit 24 
to cause the inverter 22 and the disconnection unit 24 to 
perform the disconnection and gate block operations, 
respectively. 



(1) First protecting method (instantaneous stop 
type): the system is instantaneously stopped in 
response to detection of a ground fault. 
w (2) Second protecting method (delay stop type): 
upon detecting a ground fault, the disconnection 
operation is performed after a predetermined delay 
time. The delay time is generally set to be 0.5 sec or 
less. 

15 

However, these protecting methods have the follow- 
ing disadvantages. 

(1) The first protecting method of instantaneously 
20 performing the disconnection operation readily 

causes an erroneous operation due to noise. For 
this reason, the ground fault detection sensitivity 
cannot be largely increased. If the erroneous oper- 
ation frequently takes place, the service life of the 
25 disconnection unit 24 is shortened depending on 
the switching count of the mechanical contact of the 
disconnection unit 24. 

(2) In the second protecting method of delaying the 
disconnection operation by a predetermined time, 

30 when the delay time is short, an erroneous opera- 
tion readily occurs, and the ground fault detection 
sensitivity cannot be increased, as in the first pro- 
tecting method. When the delay time is set to be 
long, the protecting operation itself is delayed, so 

35 the protection effect cannot be obtained. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
40 ground fault protecting apparatus capable of detecting a 
ground fault generated in a solar cell array at a high sen- 
sitivity and preventing any erroneous ground fault detec- 
tion to prevent unnecessary stop of a solar power 
generation apparatus, a method therefor, and a solar 
45 power generation apparatus using the apparatus and 
method. 

According to an aspect of the present invention, 
there is provided a protecting apparatus for protecting a 
solar power generation apparatus from a ground fault, 

so the protecting apparatus comprising detection means 
for detecting a ground fault in a solar cell array; and pro- 
tection means for, when the detection means detects 
the ground fault, outputting an inverter stop signal for 
stopping an operation of an inverter connected between 

55 the solar cell array and a load and then outputting a dis- 
connection signal for disconnecting the inverter from the 
load. 

According to another aspect of the present inven- 
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tion, there is provided a protecting method for protecting 
a solar power generation apparatus from a ground fault 
comprising the steps of detecting a ground fault in a 
solar cell array; upon detecting the ground fault, output- 
ting an inverter stop signal for stopping an operation of 
an inverter connected between the solar cell array and 
a load; and after output of the inverter stop signal, out- 
putting a disconnection signal for disconnecting the 
inverter from the load. 

According to still another aspect of the present 
invention, there is provided a solar power generation 
apparatus comprising a solar cell array; an inverter for 
converting direct current power from the solar cell array 
to alternating current power; a switch for connecting/dis- 
connecting the inverter to/from a load; detection means 
for detecting a ground fault in the solar cell array; and 
protection means for, when the detection means detects 
the ground fault, outputting an inverter stop signal for 
stopping an operation of the inverter and then outputting 
a disconnection signal for setting the switch in an open 
state. 

Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram shewing the arrangement 
and operation of a ground fault protecting appara- 
tus according to the present invention; 
Fig. 2 is a block diagram showing the arrangement 
of a solar power generation system connected to a 
commercial alternating current power system; 
Fig. 3 is a flow chart showing a protecting operation 
executed by the ground fault protecting apparatus; 
Fig. 4 is a block diagram showing the arrangement 
of a ground fault detector in the ground fault protect- 
ing apparatus; 

Fig. 5 is a flow chart showing the protecting opera- 
tion of a general ground fault protecting apparatus; 
and 

Fig. 6 is a block diagram showing the arrangement 
and operation of a general ground fault protecting 
apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of a solar power generation 
system according to the present invention will be 
described below in detail with reference to the accom- 
panying drawings. 



(First Embodiment] 
[Arrangement] 

5 A commercial alternating current power system 

connection type solar power generation system of the 
present invention has the same arrangement as that 
shown in the block diagram of Fig. 2. A solar cell array 
21 is constituted by connecting a plurality of solar cell 

10 modules in series/parallel. The solar cell module has a 
photoelectric conversion member consisting of, e.g., 
single-crystal silicon, polysilicon, or amorphous silicon. 
The type of solar cells and the method of setting the 
solar cells are not particularly limited in practicing the 

15 embodiment. 

In this embodiment, the solar cell array 21 having a 
rated power of 3,360 W is used. For the solar cell array 
21, 14 solar cell modules (product model BS-03 availa- 
ble from CANON INC.) integrally formed with a roofing 

20 member are connected in series, and four modules are 
connected in parallel. 

An inverter 22 has a function of converting direct 
current power generated by the solar cell array 21 into 
alternating current power using a full bridge circuit 

25 based on a self arc suppressing device and supplying 
the alternating current power to a commercial alternat- 
ing current power system 25 through a disconnection 
unit 24. The inverter 22 incorporates a control/protec- 
tion unit 23 using a microcontroller (microcomputer). 

30 The microcontroller has various protection functions 
and a power conversion control function as a program. 
The function of the ground fault protecting apparatus of 
the present invention is realized as some protection 
functions in the control/protection unit 23. 

35 Fig. 4 is a block diagram showing the arrangement 
of a ground fault detector constituting the control/protec- 
tion unit 23. Referring to Fig. 4, reference numerals 1 1 
to 15 denote resistors; 16, a detector for detecting the 
absolute value of a voltage difference; 1 7, a comparator 

40 for comparing the output from the detector 16 with a 
threshold value; and 21 , the solar cell array. 

Tnis ground fautt detector has a voltage divider con- 
stituted by the resistors 1 1 and 12 and a voltage divider 
constituted by the resistors 1 3 and 1 4, which are con- 

45 nected in parallel to the solar cell array 21. A middle 
point A between the resistors 11 and 12 is grounded 
through the resistor 15 having a high resistance. The 
potential difference between the middle point A and a 
middle point B is detected by the detector 16. When the 

so potential difference exceeds a threshold value Vref, a 
detection signal representing generation of a ground 
fault is output from the comparator 1 7. Normally, resist- 
ances R1 1 to R14 have the same value, and at least a 
relationship R11 : R12 = R13 : R14 holds. 

55 More specifically, when a ground fault is generated 
in the solar cell array 21 , a short circuit current f tows to 
a short circuit consisting of a loop of solar cell array 21 - 
resistor 1 1 - resistor 1 5 - solar cell array 21 or a short 
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circuit consisting of a loop of solar cell array 21 - resistor 
12 - resistor 15 - solar cell array 21 . The voltage drop in 
the resistor 11 or 12 increases by the short circuit cur- 
rent. On the other hand, the current flowing to the resis- 
tors 13 and 14 does not change. Therefore, a potential 5 
difference proportional to the magnitude of the short cir- 
cuit current is generated between the middle points A 
and B. 

In this embodiment, Vref = 10 V is employed as the 
threshold value used to detect the potential difference 10 
between the middle points A and B. The detection volt- 
age corresponds to about 0.5 MA as a dielectric resist- 
ance (short-circuit resistance), so the ground fault 
protecting apparatus has a considerably high sensitivity. 
Generally, the detection voltage is set to be 50 V or is 
more (100 kn or less as a dielectric resistance), i.e., the 
detection sensitivity is set to be relatively low to prevent 
an erroneous operation (erroneous detection). 

For the detector, a known method can be appropri- 
ately used, and for example, the current value difference 20 
between the positive and negative electrodes of the 
solar cell array 21 can be used. 

The detection signal is input to the control/protec- 
tion unit 23. The control/protection unit 23 often has a 
microcontroller, and generally, the detection signal is 25 
input to the I/O port of the microcontroller. The type of 
microcontroller is not particularly limited. This embodi- 
ment uses a microcontroller (product model: M7710) 
available from Mitsubishi Electric Corp. 

Fig. 1 is a block diagram showing the arrangement 30 
and operation of the ground fault protecting apparatus 
constituting the control/protection unit 23 shown in Fig. 
2. Referring to Fig. 1, reference numeral 1 denotes a 
ground fault detection section; 2, a first duration confir- 
mation section; 3, a gate block signal generation sec- 35 
tion; 4, a second duration confirmation section; and 5, a 
disconnection signal generation section. The ground 
fault detection section 1 corresponds to the ground fault 
detector shown in Fig. 4. 

40 

[Operation] 

In the present invention, the duration of the detec- 
tion signal output from the ground fault detector, i.e., the 
ground fault detection section 1 is checked by the first 45 
and second duration confirmation sections 2 and 4, 
thereby performing the protecting operation. The pro- 
tecting operation itself is executed as a program of the 
microcontroller incorporated in the control/protection 
unit 23. Fig. 3 is a flow chart of the protecting operation so 
program. 

In the present invention, when a ground fault is gen- 
erated in the solar cell array 21, the duration of the 
detection signal output from the ground fault detector is 
checked to determine the subsequent operation and ss 
perform protection. 

The first duration confirmation section 2 determines 
on the basis of the detection signal output from the 



detection section 1 whether a ground fault has been 
detected (step S1). If YES in step S1, processing waits 
for a predetermined time T1 (step S2), and then, it is 
determined whether the detection signal is continuously 
output (step S3). When the detection signal is disabled 
after T1 , the flow returns to step SI . If the detection sig- 
nal is continuously output, the gate block signal genera- 
tion section 3 is caused to output a gate block signal 
(step S4). 

When the flow advances to step S4, after a second 
time T2 longer than the first time T1 has elapsed (step 
S5), the second duration confirmation section 4 deter- 
mines whether the detection signal is continuously out- 
put (step S6). If YES in step SB, the disconnection 
signal generation section 5 is caused to output a discon- 
nection instruction signal (step S8), and the flow 
advances to error processing. If NO in step S6, the gate 
block signal generation section 3 is caused to cancel the 
gate block signal (step S7), and the flow returns to step 
S1. 

As a characteristic feature of the protecting method 
of the present invention, the protecting operation is per- 
formed in two stages, i.e., ground fault protection is per- 
formed provisionally and fully, as shown in Fig. 3. 

In this embodiment, T1 is set at about 0.2 sec, and 
T2 at about 5 sec. The present inventor has found that, 
with this time setting, the protecting operation is reliably 
performed with sufficient practical reliability. Any partic- 
ular limitations are not imposed except that the time T2 
must be longer than T1 . In practice, however, T1 is pref- 
erably set within the range of 0.01 to 0.5 sec. and T2 is 
preferably several seconds. 

In this embodiment, when the ground fault (more 
specifically, the ground fault detection signal) continues 
for 0.2 sec or more, the gate block operation of the 
inverter 22 is performed to stop the power conversion 
operation of the inverter 22. After this, when the ground 
fault (more specifically, the ground fault detection signal) 
continues for 5 sec or more, the disconnection operation 
is performed for the first time. If the duration of the 
detection signal does not reach 5 sec, the gate block 
operation is canceled, and the solar power generation 
system returns to the normal operation state. 

Since the operation of the inverter 22 is stopped at 
an early timing, no problems of safety are posed. In 
addition, since the time limit up to the disconnection 
operation can be set to be sufficiently long, the errone- 
ous operation of the disconnection unit 24 can be pre- 
vented even when the ground fault detection sensitivity 
is increased, and the service life of the contact of the 
disconnection unit 24 is not adversely affected. 

To further clarify the characteristic feature of this 
embodiment, the operation of a general ground fault 
protecting apparatus will be described on the basis of 
Figs. 5 and 6 Fig. 5 is a flow chart showing the operation 
of a general ground fault protecting apparatus. Fig. 6 is 
a block diagram showing the arrangement and opera- 
tion of the general ground fault protecting apparatus. In 
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Fig. 6, reference numeral 1 1 denotes a detection sec- 
tion for detecting a ground fault; 16, a generation sec- 
tion for generating a disconnection instruction signal 
and a gate block signal; and 26, a general control/pro- 
tection unit. 5 

As shown in Fig. 5, in the general ground fault pro- 
tecting apparatus, when a ground fault is detected in 
step S1 1 , a disconnection instruction signal is gener- 
ated to operate the disconnection unit 24 (step S12). 
This disconnection operation is performed when a pre- 10 
determined time (0.5 sec or less) has elapsed after 
detection of the ground fault. However, the disconnec- 
tion operation after several seconds from detection of 
the ground fault is not permitted from the viewpoint of 
safety. This is because the inverter 22 continues its is 
operation for the several seconds. In addition, when the 
detection sensitivity of the detection section 11 is set to 
be high, the erroneous operation due to noise readily 
occurs. The disconnection operation is frequently per- 
formed, and the service life of the contact in the discon- 20 
nection unit 24 is shortened. 



maintaining a high ground fault detection sensitivity. 
Since the generated power is not wasted by the 
unnecessary stop, the power generation efficiency 
of the solar power generation system can be 
improved. 

(2) Since the erroneous ground fault detection can 
be reduced, the number of times the disconnection 
unit is switched can be decreased, and the service 
life of the contact in the disconnection unit can be 
prevented from being shortened. 

(3) Since a high ground fault detection sensitivity 
can be maintained, a ground fault with a small cur- 
rent (high ground fault resistance) can also be 
detected. Therefore, the safety of the solar power 
generation system can be largely increased. 

As many apparently widely different embodiments 
of the present invention can be made without 
departing from the spirit and scope thereof, it is to 
be understood that the invention is not limited to the 
specific embodiments thereof except as defined in 
the appended claims. 



[Second Embodiment] 

In this embodiment, a fluorescent lamp (100 W, 25 
straight tube) is used as a load in place of the commer- 
cial alternating current power system 25. 

In a stand-alone solar power generation system 
which is not connected to the commercial alternating 
current power system 25, many protection functions 30 
essential for an inverter connected to a commercial sys- 
tem can often be omitted. In this embodiment, use of 
such a stand-alone solar power generation system is 
allowed by modifying the program of the control/protec- 
tion unit 23 according to the first embodiment. The 35 
detector for detecting a ground fault and the protecting 
method are the same as those in the first embodiment. 
As a solar cell array 21 , a solar cell array constituted by 
connecting 14 polysilicon modules (available from 
KYOCERA Corp., LA361 K54) in series is used. 40 

When the electrode of the solar cell module forming 
the solar cell array 21 was brought into contact with the 
ground to intentionally generate a ground fault in the 
solar cell array 21, it was confirmed that the same pro- 
tecting operation as in the first embodiment was per- 45 
formed. 

As described above, even for the stand-alone (non- 
connection type) solar power generation system, the 
present invention can sufficiently achieve its object 

so 

(1) According to the solar power generation system 
of the above-described embodiment, the erroneous 
operation of the ground fault protecting apparatus is 
decreased, and a solar power generation system 
with a high reliability for a long-term operation can ss 
be provided. More specifically, the following effect 
can be obtained. The unnecessary stop of the solar 
power generation system can be prevented while 



In a ground fault protecting apparatus of this inven- 
tion, which protects a solar power generation apparatus 
from a ground fault, when a ground fault generated in a 
solar cell array is continuously detected for a period 
longer than a time T1, a gate block signal for stopping 
the operation of an inverter connected between the 
solar cell array and a load is output first. When the 
ground fault is continuously detected for a period longer 
than a time T2 (> T1), a disconnection instruction signal 
for disconnecting the inverter from the load is output to 
the disconnection unit. According to the ground fault 
protecting apparatus of this invention, a high ground 
fault detection sensitivity can be set. In addition, the 
solar power generation apparatus can be prevented 
from being unnecessarily stopped due to erroneous 
ground fault detection. 

Claims 

1 . A protecting apparatus for protecting a solar power 
generation apparatus from a ground fault, said pro- 
tecting apparatus comprising: 

detection means for detecting a ground fault in 
a solar cell array; and 

protection means for, when said detection 
means detects the ground fault, outputting an 
inverter stop signal for stopping an operation of 
an inverter connected between said solar cell 
array and a load and then outputting a discon- 
nection signal for disconnecting said inverter 
from said load. 

2. Tne protecting apparatus according to claim 1, 
wherein the inverter stop signal is output when said 
detection means detects the ground fault for a 
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period longer than a first predetermined time T1, 
and the disconnection signal is output when the 
ground fault is detected for a period longer than a 
second predetermined time T2 (> Tl). 

5 

The protecting apparatus according to claim 2, 
wherein when the ground fault is not detected for 
the period longer than the second predetermined 
time 12, the inverter stop signal is disabled by said 
protection means. io 



detected for a period longer than a second prede- 
termined time T2 (> T1). 

9. The apparatus according to claim 8, wherein when 
the ground fault is not detected for the period longer 
than the second predetermined time T2, the 
inverter stop signal is disabled by said protection 
means. 10. An inverter apparatus for converting 
direct current power provided from a solar cell array 
to alternating current power comprising: 



A protecting method for protecting a solar power 
generation apparatus from a ground fault compris- 
ing the steps of: 

detecting a ground fault in a solar cell array; 
upon detecting the ground fault, outputting an 
inverter stop signal for stopping an operation of 
an inverter connected between said solar cell 
array and a load; and 

after output of the inverter stop signal, output- 
ting a disconnection signal for disconnecting 
said inverter from said load. 

The method according to claim 4, wherein the 
inverter stop signal is output when the ground fault 
is detected for a period longer than a first predeter- 
mined time T1, and the disconnection signal is out- 
put when the ground fault is detected for a period 
longer than a second predetermined time T2 (> T1). 



The method according to claim 5, wherein when the 
ground fault is not detected for the period longer 
than the second predetermined time T2, the 
inverter stop signal is disabled. 35 

A solar power generation apparatus comprising: 
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25 



detection means for detecting a ground fault in 
said solar cell array; and 
protection means for, when said detection 
means detects the ground fault, outputting a 
stop signal for stopping a power conversion 
operation of said inverter apparatus and then 
outputting a disconnection signal for discon- 
necting said inverter apparatus from a load. 

10. The apparatus according to claim 10, wherein the 
stop signal is output when said detection means 
detects the ground fault for a period longer than a 
first predetermined time T1, and the disconnection 
signal is output when the ground fault is detected 
for a period longer than a second predetermined 
time T2 (> T1). 12. The apparatus according to 
claim 11, wherein when the ground fault is not 
detected for the period longer than the second pre- 
determined time T2, the stop signaJ is disabled by 
said protection means. 



a solar cell array; 

an inverter for converting direct current power 
from said solar cell array to alternating current 
power; 

a switch for connecting/disconnecting said 
inverter to/from a load; 

detection means for detecting a ground fault in 
said solar cell array; and 
protection means for, when said detection 
means detects the ground fault outputting an 
inverter stop signal for stopping an operation of 
said inverter and then outputting a disconnec- 
tion signal for setting said switch in an open 
state. 



45 



50 



The apparatus according to claim 7, wherein the 
inverter stop signal is output when said detection 
means detects the ground fault for a period longer 
than a first predetermined time T1, and the discon- 
nection signal is output when the ground fault is 
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(54) Ground fault protecting apparatus and method for solar power generation and solar power 
generation apparatus using the apparatus and method 



(57) In a ground fault protecting apparatus of this 
invention, which protects a solar power generation 
apparatus from a ground fault, when a ground fault gen- 
erated in a solar cell array is continuously detected for a 
period longer than a time T1 , a gate block signal for 
stopping the operation of an inverter connected 
between the solar cell array and a load is output first. 
When the ground fault is continuously detected for a 
period longer than a time T2 (> T1), a disconnection 



instruction signal for disconnecting the inverter from the 
load is output to the disconnection unit. According to the 
ground fault protecting apparatus of this invention, a 
high ground fault detection sensitivity can be set. In 
addition, the solar power generation apparatus can be 
prevented from being unnecessarily stopped due to 
erroneous ground fault detection. 
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